Clinical trial of the effects of coenzyme Q10 supplementation on glycemic control and markers of lipid profiles in diabetic hemodialysis patients by Fallah, M. et al.
Vol.:(0123456789) 
International Urology and Nephrology (2018) 50:2073–2079 
https://doi.org/10.1007/s11255-018-1973-z
NEPHROLOGY - ORIGINAL PAPER
Clinical trial of the effects of coenzyme Q10 supplementation 
on glycemic control and markers of lipid profiles in diabetic 
hemodialysis patients
Melika Fallah1 · Gholamreza Askari1 · Alireza Soleimani2 · Awat Feizi3,4 · Zatollah Asemi5
Received: 12 February 2018 / Accepted: 23 August 2018 / Published online: 24 September 2018 
© Springer Nature B.V. 2018
Abstract
Purpose The current study was conducted to determine the effects of coenzyme Q10 (CoQ10) supplementation on glycemic 
control and markers of lipid profiles risk in diabetic hemodialysis (HD) patients.
Methods This randomized, double blind, placebo-controlled clinical trial was performed among 60 diabetic HD patients. 
Subjects were randomly allocated into two groups to take either 120 mg/day of CoQ10 supplements or placebo (n = 30 each 
group) for 12 weeks.
Results After 12 weeks of intervention, CoQ10 supplementation, compared with the placebo, resulted in a significant 
decrease in serum insulin concentrations (− 2.5 ± 4.0 vs. + 2.8 ± 5.3 µIU/mL, P < 0.001), homeostasis model of assessment-
estimated insulin resistance (− 0.9 ± 2.1 vs. + 1.2 ± 3.0, P = 0.002), and significant increase in the quantitative insulin sen-
sitivity check index (+ 0.009 ± 0.01 vs. − 0.02 ± 0.05, P = 0.003). In addition, a trend toward a greater decrease in serum 
triglycerides (− 5 ± 53 vs. + 17 ± 44, P = 0.078) and VLDL-cholesterol levels (− 0.9 ± 10 vs. + 3 ± 9, P = 0.078) was observed 
in the CoQ10 group compared to the placebo group. We did not observe any significant effect of CoQ10 supplementation 
on fasting glucose, HbA1c and other lipid profiles compared with the placebo.
Conclusions Overall, our study supported that CoQ10 supplementation to diabetic HD patients for 12 weeks had beneficial 
effects on markers of insulin metabolism, but did not affect fasting glucose, HbA1c, and lipid profiles. Clinical registration 
http://www.irct.ir: IRCT2016081811763N30.
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Introduction
The prevalence of diabetes and the incidence of diabetic 
nephropathy (DN) have increased worldwide [1]. Diabetic 
patients constitute the largest proportion of individuals with 
end-stage renal disease (ESRD) requiring dialysis or trans-
plantation. In developed countries, this status accounts for 
up to 50% of ESRD patients [1]. Earlier, it was reported that 
(HD) patients are correlated with multiple events such as 
metabolic disorders, especially insulin resistance and dyslip-
idemia, malnutrition and inflammation, which in turn influ-
ence the health-related quality of life aspects in the diabetic 
HD population [2–6]. CoQ10 supplementation improved 
immune and autonomic function in ESRD [7].
Clinical evidence has demonstrated that increased inflam-
matory cytokines, a non-traditional risk factor for cardio-
vascular diseases, are common in dialysis patients and may 
result in progressive atherosclerosis [8, 9]. Previous studies 
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have reported that CoQ10 levels in HD patients were sig-
nificantly lower than those of controls [10, 11]. In addition, 
in a study by Macunluoglu et al. [12], it was observed that 
circulating CoQ10 levels were associated with the coronary 
flow reserve in HD patients, while another study did not 
support the association between CoQ10 supplementation 
and coronary function [13]. Furthermore, CoQ10 has been 
recorded to be inadequate in diabetic states [14]. Although 
some studies showed significant associations between Q10 
and stress oxidative biomarkers [15–17], others did not con-
firm such associations [18, 19]. The CoQ10 deficiency may 
be associated with the impairment of β-cells and the devel-
opment of insulin resistance [20] due to increased free radi-
cals and other biomarkers of oxidative stress, and impaired 
mitochondrial substrate metabolism [21]. Some studies have 
demonstrated the beneficial effects of CoQ10 supplementa-
tion on glycemic control, lipid profiles and clinical outcomes 
in diseases related to metabolic disorders. For example, 
CoQ10 supplementation at a dosage of 200 mg/day to over-
weight and obese subjects with diabetes for 12 weeks sig-
nificantly reduced HbA1c, although no significant changes 
were observed in fasting glucose and insulin, and insulin 
resistance [22]. In addition, the administration of 100 mg 
CoQ10 supplements to patients with metabolic syndrome for 
8 weeks had beneficial effects on markers of insulin metabo-
lism, but did not affect lipid profiles [23].
CoQ10 intake may improve metabolic profiles through 
the modulation of insulin and adiponectin receptors, as well 
as glucose transporters, improving the redox system and adi-
pocytokines [24]. This evidence suggests the importance of 
CoQ10 supplementation on diabetic HD patients. To the best 
of our knowledge, data on the effects of CoQ10 supplemen-
tation on glycemic control and markers of lipid profiles in 
diabetic HD patients are scarce. Therefore, the present study 
was conducted to determine the effects of CoQ10 supple-
mentation on glycemic control and markers of lipid profile 
in diabetic HD subjects.
Materials and methods
Trial design and participants
This study was a 12-week randomized, double-blinded, 
placebo-controlled clinical trial registered with the website 
for registration of clinical trials in Iran (http://www.irct.ir: 
IRCT2016081811763N30). Sixty diabetic HD subjects, 
aged 18–80 years who were referred to the Akhavan Clinic 
in Kashan, Iran, from April 2017 to October 2017, were 
included in this trial. The study protocol was approved by 
the research ethics committee of Isfahan University of Medi-
cal Sciences (IUMS) and informed consent was taken from 
all participants. Exclusion criteria were as follows: taking 
antioxidant and/or anti-inflammatory supplements, and tak-
ing immunosuppressive medications within 3 months prior 
to enrollment in the study.
Study procedures
Subjects were randomly divided into two groups to take 
either 60 mg CoQ10 (n = 30) or placebo (n = 30) twice a day 
for 12 weeks. We used 60 mg of CoQ10 for 12 weeks based 
on previous studies on HD patients [6, 25–27]. The randomi-
zation process was conducted using computer-generated ran-
dom numbers by a trained staff at the clinic, blinded to both 
participants and researchers. CoQ10 and placebo capsules 
were produced by Zahravi, Tabriz, Iran and Barij Essence 
Pharmaceutical Company, Kashan, Iran, approved by the 
Food and Drug Administration. They were completely iden-
tical in terms of their appearance, color, shape, size, smell, 
taste, and packaging.
To increase compliance rates, all participants received 
messages on their cell phones every day to remind them of 
taking their capsules. The compliance rate was evaluated by 
counting the remaining supplements and subtracting them 
from the number of supplements provided to the partici-
pants. Subjects were requested not to change their routine 
physical activity or usual dietary intakes throughout the 
study and not to consume any supplements other than the 
one provided to them by the investigators as well as not to 
take any medications that might affect the outcomes during 
the 12-week intervention. The strategies for managing diabe-
tes in the experimental and control group were steady during 
the study. Insulin therapy and dietary advice were used to 
manage diabetic patients. We excluded subjects during the 
trial if they required changing their medications.
Patients who enrolled in the study had Kt/V of at least 
0.9 and dialyzed 2 or 3 times a week by Gambro AK 95 and 
Gambro AK 96 dialyzer, about 3–4 h each time and their 
session lengths were constant during the study. The blood 
flow rate range determined according to patients Kt/V and 
it did not change from the baseline to the end of the study. A 
3-day food record was obtained at weeks 0, 5, 8, and 12 of 
the intervention and macro- and micro-nutrient intakes were 
determined using the Nutritionist IV software [28] (First 
Databank, San Bruno, CA, USA) modified for Iranian foods.
Assessment of outcomes
Primary outcome measurements were insulin metabolism 
and secondary outcome measurements were lipid fractions. 
At the baseline and after the end of treatment, 10 mL fast-
ing blood samples were obtained from each patient before 
the dialysis session after the weekend at Akhavan Clinic 
laboratory in Kashan, Iran. To quantify fasting plasma glu-
cose (FPG) and serum lipid profiles, we used enzymatic kits 
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of Pars Azmun (Tehran, Iran) with inter- and intra-assay 
coefficient variances (CVs) of less than 5%. Serum insulin 
levels were assessed using an ELISA kit (Monobind, Cali-
fornia, USA) with inter- and intra-assay CVs of 2.8–4.9%, 
respectively. The suggested formulas were used to deter-
mine the homeostasis model of assessment-estimated insu-
lin resistance (HOMA-IR) and the quantitative insulin sen-
sitivity check index (QUICKI) [29]. Overall, hemoglobin 
A1c  (HbA1C) was determined by the Glycomat kit (Bio-
codeHycel, Massy, France) using the method of exchange 
chromatography.
Sample size
To compute the sample size, the recommended formula 
for the parallel-design randomized controlled trial was 
used based on type one (α) and type two errors (β) as 0.05 
and 0.20 (power = 80%), respectively. Based on a previous 
investigation [23], we used a standard deviation of 2.5 and 
a difference in mean (d) of 1.68, considering HOMA-IR as 
the key variable. Based on the sample size calculation, we 
needed 25 subjects in each treatment group, allowing for 
20% dropout in each group, and the final sample size was 
considered to be 30 participants in each group.
Statistical methods
The normality of study variables was determined using 
the Kolmogorov–Smirnov test. Anthropometric measures 
as well as macro- and micro-nutrient dietary intakes were 
compared between the two groups, using the independent 
samples t-test. Categorical variables were compared by the 
Pearson Chi square test. To determine the effects of CoQ10 
supplementation on metabolic profiles, we used one-way 
repeated measures analysis of variance. Analysis of covari-
ance (ANCOVA) was used to identify any differences 
between the two groups at the end of the study, adjusting 
for baseline values, BMI, and age. P-values < 0.05 were con-
sidered statistically significant. All statistical analyses were 
done using the Statistical Package for Social Science version 
18 (SPSS Inc., Chicago, Illinois, USA).
Results
In the present study, 60 diabetic HD patients [CoQ10 
(n = 30) and placebo (n = 30)] completed the trial (Fig. 1). 
On average, the rate of compliance in the current study was 
high, such that higher than 90% of the supplements were 
taken throughout the study in both groups. No side effects 
were reported following the administration of CoQ10 in dia-
betic HD patients throughout the study.
Distribution of gender, participants’ mean age, height, 
Kt/V, baseline and end-of-treatment weight, and BMI were 
not statistically different between the two groups (Table 1).
We observed no significant change in dietary macro- and 
micro-nutrient intakes between the two groups throughout 
the trial (Data not shown).
After 12 weeks of intervention, CoQ10 supplementa-
tion compared with the placebo resulted in a significant 
Fig. 1  Summary of patient flow 
diagram
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decrease in serum insulin concentrations (− 2.5 ± 4.0 vs. 
+ 2.8 ± 5.3 µIU/mL, P < 0.001), HOMA-IR (− 0.9 ± 2.1 vs. 
+ 1.2 ± 3.0, P = 0.002), and a significant increase in QUICKI 
(+ 0.009 ± 0.01 vs. − 0.02 ± 0.05, P = 0.003) (Table 2). In 
addition, a trend toward a greater decrease in serum triglyc-
erides (− 5 ± 53 vs. + 17 ± 44, P = 0.078) and VLDL-choles-
terol levels (− 0.9 ± 10 vs. + 3 ± 9, P = 0.078) was observed 
in the CoQ10 group compared to the placebo group. We did 
not see any significant effect of CoQ10 supplementation on 
fasting glucose, HbA1c, and other lipid profiles compared 
with the placebo.
We adjusted the analysis for baseline values of biochemi-
cal variables, age, and baseline BMI; however, our findings 
did not change (Table 3).
Discussion
Our study supported the fact that CoQ10 supplementation in 
HD patients for 12 weeks was associated with a significant 
reduction in serum insulin and HOMA-IR, and a significant 
increase in QUICKI compared with the placebo, but did not 
influence FPG, HbA1c, and lipid profiles.
HD subjects are susceptible to multiple metabolic dis-
turbances such as hyperinsulinemia and dyslipidemia [30]. 
Few human studies have reported the beneficial effects of 
CoQ10 supplementation on glycemic control in patients 
without HD. Gholnari et al. [31] demonstrated that CoQ10 
administration at a dosage of 100 mg/day for 12 weeks to 
DN patients had favorable effects on fasting glucose and 
markers of insulin metabolism. In addition, 200 mg/day of 
ubiquinol supplementation for 12 weeks to patients with 
type 2 diabetes mellitus (T2DM) resulted in a significant 
improvement in insulin production and/or secretion probably 
via stimulating ATP production in pancreatic beta cells [32]. 
Changes in glucose status and insulin resistance are recog-
nized at all stages of chronic kidney disease as well as ESRD 
[33, 34]. In chronic HD, hyperglycemia and insulin resist-
ance are independent non-traditional risk factors for cardio-
vascular mortality and are correlated with protein energy 
wasting, malnutrition, anemia, reduced physical activity, 
Table 1  General characteristics of study participants
Data are means ± SDs
BMI body mass index
a Obtained from independent t tests for quantitative and Chi square for 






Age (y) 64.8 ± 11.5 59.4 ± 12.2 0.082
Height (cm) 162.6 ± 10.8 167.2 ± 9.6 0.091
Weight at study baseline 
(kg)
70.8 ± 13.9 75.2 ± 12.8 0.200
Weight at end-of-trial (kg) 69.9 ± 13.3 74.9 ± 13.07 0.141
Weight change (kg) − 0.8 ± 5.3 − 0.2 ± 1.1 0.500
BMI at study baseline (kg/
m2)
26.6 ± 3.9 26.9 ± 3.9 0.790
BMI at end-of-trial (kg/m2) 26.2 ± 3.2 26.8 ± 4.0 0.541
BMI change (kg/m2) − 0.4 ± 2.1 − 0.08 ± 0.4 0.458
Gender (%)
 Male 18 (60.0) 22 (73.3%)
 Female 12 (40.0) 8 (26.7) 0.300
Kt/V 1.3 ± 0.2 1.3 ± 0.2 0.300
Table 2  Metabolic profiles at baseline and after the 12-weeks intervention in patients with diabetic hemodialysis that received either CoQ10 sup-
plements or placebo
Data are means ± SDs
FPG fasting plasma glucose, HOMA-IR homeostasis model of assessment-estimated insulin resistance, QUICKI quantitative insulin sensitivity 
check index
a Obtained from repeated measures ANOVA test
Placebo group (n = 30) CoQ10 group (n = 30) Pa
Baseline End-of-trial Change Baseline End-of-trial Change
FPG (mg/dL) 114.8 ± 61.5 125.2 ± 69.7 10.3 ± 55.9 130.6 ± 57.4 123.9 ± 40.6 − 6.7 ± 49.2 0.210
Insulin (µIU/mL) 13.4 ± 7.6 16.2 ± 7.9 2.8 ± 5.3 15.4 ± 6.3 12.9 ± 5.1 − 2.5 ± 4.0 < 0.001
HOMA-IR 3.8 ± 2.4 5.02 ± 3.4 1.2 ± 3.0 4.9 ± 2.9 4.0 ± 2.2 − 0.9 ± 2.1 0.002
QUICKI 0.3 ± 0.05 0.3 ± 0.03 − 0.02 ± 0.05 0.3 ± 0.02 0.3 ± 0.02 0.009 ± 0.01 0.003
HbA1c (%) 7.5 ± 1.7 7.4 ± 1.7 − 0.1 ± 1.5 7.2 ± 1.7 6.7 ± 1.6 − 0.5 ± 1.6 0.09
Triglycerides (mg/dL) 121 ± 66 139 ± 78 17 ± 44 135 ± 79 131 ± 64 − 5 ± 53 0.078
VLDL-cholesterol (mg/dL) 24 ± 13 28 ± 16 3 ± 9 27 ± 16 26 ± 13 − 0.9 ± 10 0.078
Total cholesterol (mg/dL) 143 ± 42 148 ± 44 5 ± 31 134 ± 32 138 ± 36 5 ± 31 0.870
LDL-cholesterol (mg/dL) 86 ± 35 87 ± 39 2 ± 27 76.±27 81 ± 34 5 ± 29 0.581
HDL-cholesterol (mg/dL) 33 ± 6 33 ± 7 − 0.3 ± 4 30 ± 6 31 ± 5 0.2 ± 5 0.581
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and accumulation of uremic toxins [35]. In a previous study 
that was conducted on subjects with T2DM who received 
CoQ10 (200 mg/day) for 12 weeks, no significant changes 
were observed in fasting glucose, insulin and HOMA-IR 
[22]. Anti-diabetic effects of CoQ10 may be due to increases 
in the enzyme activities of tyrosine kinase and phosphati-
dylinositol 3 kinase. The mentioned enzymes are involved in 
autophosphorylation of insulin receptors that consequently 
improve glucose uptake and inhibit gluconeogenesis in the 
liver [24]. In the present study, non-significant changes in 
HbA1C and FPG may be due to the dosage of CoQ10 or 
the relatively small sample size and the short duration of 
our trial. In addition, previous reports showed that treat-
ment with recombinant erythropoietin may affect HbA1C 
values in patients undergoing hemodialysis and underesti-
mate glycemic control in HD patients [36, 37]. However, in 
the present study, the same levels of erythropoietin therapy 
were used in the control and intervention group.
Our study showed that CoQ10 supplementation to HD 
patients for 12 weeks resulted in a trend toward a greater 
decrease in serum triglycerides and VLDL-cholesterol levels 
compared to the placebo group, but did not affect other lipid 
profiles. CoQ10 supplementation at a dosage of 150 mg/
day for 12 weeks in patients with T2DM had no favorable 
effects on lipid profiles [38]. Witting et al. [39] found that 
CoQ10 intake had no considerable effect on total cholesterol 
levels in apolipoprotein E gene knock-out mice. In another 
study, a 6-week CoQ10 treatment in a rat model of metabolic 
syndrome had no significant effect on dyslipidemia [40]. 
Moreover, Chew et al. [41] evaluated the effects of CoQ10 
and fenofibrate in patients with T2DM with left ventricular 
diastolic dysfunction. The result demonstrated that 200 mg/
day of CoQ10 supplements did not affect total-, HDL- and 
LDL-cholesterol levels [41]. This discrepancy between the 
current studies and others might be explained by distinct 
trial designs, small sample size, various dosages of CoQ10 
supplements, different forms of CoQ10 used, and character-
istics of the subjects. The normal baseline of lipid profiles in 
most of the study participants could be another explanation 
for these non-significant results.
One of the limitations of the study was the relatively 
short time of CoQ10 supplementation. Long-term inter-
ventions might result in significant (or more pronounced) 
effects in lipid profiles. Furthermore, the determination of 
gene expression profiles related to insulin and lipid pathways 
might have enabled us to better elucidate possible mecha-
nisms that connect CoQ10 and metabolic disorder in HD 
patients. In addition, we did not assess the serum levels of 
CoQ10 in our cohort and this might have better evaluated 
the patient’s adherence in our analysis. Overall, our study 
supported the fact that CoQ10 supplementation to diabetic 
HD patients for 12 weeks had beneficial effects on markers 
of insulin metabolism, but did not affect fasting glucose, 
HbA1c, and lipid profiles.
Acknowledgements The present study was supported by a grant from 
the Vice-chancellor for Research, IUMS, and Iran.
Author contributions MF, GA and ZA contributed in conception, data 
collection and manuscript drafting. AS and AF contributed in con-
ception, data collection and manuscript drafting. All authors read and 
approved the final version of the paper.
Compliance with ethical standards 
Conflict of interest The authors declare that they have no conflicts of 
interest.
References
 1. Ritz E, Zeng XX, Rychlik I (2011) Clinical manifestation and nat-
ural history of diabetic nephropathy. Contrib Nephrol 170:19–27
 2. Sohrabi Z, Eftekhari MH, Eskandari MH, Rezaeianzadeh A, 
Sagheb MM (2015) Malnutrition-inflammation score and qual-
ity of life in hemodialysis patients: is there any correlation? 
Nephrourol Mon 7(3):e27445. https ://doi.org/10.5812/numon 
thly.7(3)2015.27445 
 3. Jakuszewski P, Czerwienska B, Chudek J, Wiecek A (2009) 
Which components of malnutrition-inflammation-atherosclerosis 
syndrome are more common in haemodialysis patients with dia-
betic nephropathy? Nephrology (Carlton) 14:643–649
 4. Yen TH, Lin JL, Lin-Tan DT, Hsu KH (2009) Cardiothoracic ratio, 
inflammation, malnutrition, and mortality in diabetes patients on 
maintenance hemodialysis. Am J Med Sci 337:421–428
Table 3  Corrected changes in the means of metabolic variables in 
diabetic patients on hemodialysis who received either CoQ10 sup-
plements or placebo adjusted by respective baseline values, age, and 
BMI
All values are means ± SDs
FPG fasting plasma glucose, HOMA-IR homeostasis model of assess-
ment-estimated insulin resistance, QUICKI quantitative insulin sensi-
tivity check index
a Obtained from analysis of ANCOVA adjusted for the respective 







FPG (mg/dL) 5.2 ± 44.4 − 1.6 ± 44.4 0.547
Insulin (µIU/mL) 2.5 ± 4.4 − 2.2 ± 4.4 < 0.001
HOMA-IR 0.9 ± 2.2 − 0.6 ± 2.2 0.011
QUICKI − 0.01 ± 0.02 0.002 ± 0.02 0.033
HbA1c (%) − 0.003 ± 1.6 − 0.6 ± 1.6 0.148
Triglycerides (mg/dL) 17 ± 45 − 4 ± 45 0.078
VLDL-cholesterol (mg/
dL)
3 ± 9 − 0.8 ± 9 0.078
Total cholesterol (mg/dL) 7 ± 30 3 ± 30 0.671
LDL-cholesterol (mg/dL) 3 ± 28 4 ± 28 0.770
HDL-cholesterol (mg/dL) − 0.03 ± 4 − 0.1 ± 4 0.900
2078 International Urology and Nephrology (2018) 50:2073–2079
1 3
 5. Hodgson JM, Watts GF, Playford DA, Burke V, Croft KD (2002) 
Coenzyme Q10 improves blood pressure and glycaemic control: 
a controlled trial in subjects with type 2 diabetes. Eur J Clin Nutr 
56:1137–1142
 6. Zahed NS, Ghassami M, Nikbakht H (2016) Effects of coenzyme 
Q10 supplementation on C-reactive protein and homocysteine as 
the inflammatory markers in hemodialysis patients; a randomized 
clinical trial. J Nephropathol 5:38–43
 7. Fukuda S, Koyama H, Kondo K, Fujii H, Hirayama Y, Tabata 
T, Okamura M, Yamakawa T, Okada S, Hirata S, Kiyama H, 
Kajimoto O, Watanabe Y, Inaba M, Nishizawa Y (2015) Effects 
of nutritional supplementation on fatigue, and autonomic and 
immune dysfunction in patients with end-stage renal disease: 
a randomized, double-blind, placebo-controlled, multicenter 
trial. PLoS ONE 10(3):e0119578. https ://doi.org/10.1371/journ 
al.pone.01195 78
 8. Pupim LB, Caglar K, Hakim RM, Shyr Y, Ikizler TA (2004) Ure-
mic malnutrition is a predictor of death independent of inflamma-
tory status. Kidney Int 66:2054–2060
 9. Kalantar-Zadeh K, Block G, Humphreys MH, Kopple JD (2003) 
Reverse epidemiology of cardiovascular risk factors in mainte-
nance dialysis patients. Kidney Int 63:793–808
 10. Lippa S, Colacicco L, Calla C, Sagliaschi G, Angelitti AG (1994) 
Coenzyme Q10 levels, plasma lipids and peroxidation extent in 
renal failure and in hemodialytic patients. Mol Aspects Med 
15(Suppl):s213–s219
 11. Mehmetoglu I, Yerlikaya FH, Kurban S, Erdem SS, Tonbul Z 
(2012) Oxidative stress markers in hemodialysis and peritoneal 
dialysis patients, including coenzyme Q10 and ischemia-modified 
albumin. Int J Artif Organs 35:226–232
 12. Macunluoglu B, Kaya Y, Atakan A, Ari E, Kaspar C, Demir H, 
Alp HH, Asicioglu E, Kedrah AE (2013) Serum coenzyme Q10 
levels are associated with coronary flow reserve in hemodialysis 
patients. Hemodial Int 17:339–345
 13. Turk S, Baki A, Solak Y, Kayrak M, Atalay H, Gaipov A, Aribas 
A, Akilli H, Biyik Z, Okudan N, Gokbel H (2013) Coenzyme 
Q10 supplementation and diastolic heart functions in hemodialy-
sis patients: a randomized double-blind placebo-controlled trial. 
Hemodial Int 17:374–381
 14. Sena CM, Nunes E, Gomes A, Santos MS, Proença T, Martins MI, 
Seiça RM (2008) Supplementation of coenzyme Q10 and alpha-
tocopherol lowers glycated hemoglobin level and lipid peroxida-
tion in pancreas of diabetic rats. Nutr Res 28:113–121
 15. Rivara MB, Yeung CK, Robinson-Cohen C, Phillips BR, Ruzinski 
J, Rock D, Linke L, Shen DD, Ikizler TA, Himmelfarb J (2017) 
Effect of Coenzyme Q10 on biomarkers of oxidative stress and 
cardiac function in hemodialysis patients: the CoQ10 biomarker 
trial. Am J Kidney Dis 69:389–399
 16. Yeung CK, Billings FTt, Claessens AJ, Roshanravan B, Linke L, 
Sundell MB, Ahmad S, Shao B, Shen DD, Ikizler TA, Himmelfarb 
J (2015) Coenzyme Q10 dose-escalation study in hemodialysis 
patients: safety, tolerability, and effect on oxidative stress. BMC 
Nephrol 16:183. https ://doi.org/10.1186/s1288 2-015-0178-2
 17. Sakata T, Furuya R, Shimazu T, Odamaki M, Ohkawa S, Kumagai 
H (2008) Coenzyme Q10 administration suppresses both oxidative 
and antioxidative markers in hemodialysis patients. Blood Purif 
26:371–378
 18. Gokbel H, Turk S, Okudan N, Atalay H, Belviranli M, Gaipov 
A, Solak Y (2016) Effects of coenzyme Q10 supplementation on 
exercise performance and markers of oxidative stress in hemodi-
alysis patients: a double-blind placebo-controlled crossover trial. 
Am J Ther 23:e1736–e1743
 19. Gokbel H, Atalay H, Okudan N, Solak Y, Belviranli M, Turk S 
(2011) Coenzyme Q10 and its relation with oxidant and antioxi-
dant system markers in patients with end-stage renal disease. Ren 
Fail 33:677–681
 20. Chew GT, Watts GF (2004) Coenzyme Q10 and diabetic endo-
theliopathy: oxidative stress and the ‘recoupling hypothesis’. QJM 
97:537–548
 21. Molyneux SL, Florkowski CM, George PM, Pilbrow AP, Framp-
ton CM, Lever M, Richards AM (2008) Coenzyme Q10: an inde-
pendent predictor of mortality in chronic heart failure. J Am Coll 
Cardiol 52:1435–1441
 22. Mehrdadi P, Kolahdouz Mohammadi R, Alipoor E, Eshraghian 
MR, Esteghamati A, Hosseinzadeh-Attar MJ (2017) The Effect 
of Coenzyme Q10 supplementation on circulating levels of novel 
adipokine adipolin/ctrp12 in overweight and obese patients with 
type 2 diabetes. Exp Clin Endocrinol Diabetes 125:156–162
 23. Raygan F, Rezavandi Z, Dadkhah Tehrani S, Farrokhian A, Asemi 
Z (2016) The effects of coenzyme Q10 administration on glucose 
homeostasis parameters, lipid profiles, biomarkers of inflamma-
tion and oxidative stress in patients with metabolic syndrome. Eur 
J Nutr 55:2357–2364
 24. Amin MM, Asaad GF, Abdel Salam RM, El-Abhar HS, Arbid 
MS (2014) Novel CoQ10 antidiabetic mechanisms underlie its 
positive effect: modulation of insulin and adiponectine receptors, 
Tyrosine kinase, PI3K, glucose transporters, sRAGE and visfatin 
in insulin resistant/diabetic rats. PLoS ONE 9(2):e89169. https ://
doi.org/10.1371/journ al.pone
 25. Heidari A, Hamidi G, Soleimani A, Aghadavod E, Asemi Z (2018) 
Effects of Coenzyme Q10 supplementation on gene expressions 
related to insulin, lipid, and inflammation pathways in patients 
with diabetic nephropathy. Iran J Kidney Dis 12:14–21
 26. Rahmani E, Jamilian M, Samimi M, Zarezade Mehrizi M, Agha-
davod E, Akbari E, Tamtaji OR, Asemi Z (2018) The effects of 
coenzyme Q10 supplementation on gene expression related to 
insulin, lipid and inflammation in patients with polycystic ovary 
syndrome. Gynecol Endocrinol 34:217–222
 27. Samimi M, Zarezade Mehrizi M, Foroozanfard F, Akbari H, 
Jamilian M, Ahmadi S, Asemi Z (2017) The effects of coenzyme 
Q10 supplementation on glucose metabolism and lipid profiles in 
women with polycystic ovary syndrome: a randomized, double-
blind, placebo-controlled trial. Clin Endocrinol (Oxf) 86:560–566
 28. Azar M, Sarkisian E (1980) Food composition table of Iran: 
National Nutrition and Food Research Institute. Shaheed Beheshti 
University, Tehran
 29. Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey 
WT (2013) Limitations in the use of indices using glucose and 
insulin levels to predict insulin sensitivity: impact of race and 
gender and superiority of the indices derived from oral glucose 
tolerance test in African Americans. Diabetes care 36:845–853
 30. Kotur-Stevuljevic J, Simic-Ogrizovic S, Dopsaj V, Stefanovic 
A, Vujovic A, Ivanic-Corlomanovic T, Spasic S, Kalimanovska-
Spasojevic V, Jelic-Ivanovic Z (2012) A hazardous link between 
malnutrition, inflammation and oxidative stress in renal patients. 
Clin Biochem 45:1202–1205
 31. Gholnari T, Aghadavod E, Soleimani A, Hamidi GA, Sharifi N, 
Asemi Z (2018) The effects of coenzyme Q10 supplementation 
on glucose metabolism, lipid profiles, inflammation, and oxidative 
stress in patients with diabetic nephropathy: a randomized, dou-
ble-blind, placebo-controlled trial. J Am Coll Nutr 37:188–193
 32. Mezawa M, Takemoto M, Onishi S, Ishibashi R, Ishikawa T, 
Yamaga M, Fujimoto M, Okabe E, He P, Kobayashi K, Yokote K 
(2012) The reduced form of coenzyme Q10 improves glycemic 
control in patients with type 2 diabetes: an open label pilot study. 
Biofactors 38:416–421
 33. de Boer IH (2008) Vitamin D and glucose metabolism in chronic 
kidney disease. Curr Opin Nephrol Hypertens 17:566–572
 34. Fliser D, Pacini G, Engelleiter R, Kautzky-Willer A, Prager R, 
Franek E, Ritz E (1998) Insulin resistance and hyperinsulinemia 
are already present in patients with incipient renal disease. Kidney 
Int 53:1343–1347
2079International Urology and Nephrology (2018) 50:2073–2079 
1 3
 35. Hung AM, Ikizler TA (2011) Factors determining insulin 
resistance in chronic hemodialysis patients. Contrib Nephrol 
171:127–134
 36. Uzu T, Hatta T, Deji N, Izumiya T, Ueda H, Miyazawa I, Kanasaki 
M, Isshiki K, Nishio T, Arimura T (2009) Target for glycemic 
control in type 2 diabetic patients on hemodialysis: effects of ane-
mia and erythropoietin injection on hemoglobin A1c. Ther Apher 
Dial 13:89–94
 37. Brown JN, Kemp DW, Brice KR (2009) Class effect of eryth-
ropoietin therapy on hemoglobin A1c in a patient with diabetes 
mellitus and chronic kidney disease not undergoing hemodialysis. 
Pharmacotherapy 29:468–472
 38. Zahedi H, Eghtesadi S, Seifirad S, Rezaee N, Shidfar F, Heydari 
I, Golestan B, Jazayeri S (2014) Effects of CoQ10 supplementa-
tion on lipid profiles and glycemic control in patients with type 
2 diabetes: a randomized, double blind, placebo-controlled trial. 
J Diabetes Metab Disord 13:81. https ://doi.org/10.1186/s4020 
0-014-0081-6
 39. Witting PK, Pettersson K, Letters J, Stocker R (2000) Anti-ather-
ogenic effect of coenzyme Q10 in apolipoprotein E gene knockout 
mice. Free Radic Biol Med 29:295–305
 40. Kunitomo M, Yamaguchi Y, Kagota S, Otsubo K (2008) Benefi-
cial effect of coenzyme Q10 on increased oxidative and nitrative 
stress and inflammation and individual metabolic components 
developing in a rat model of metabolic syndrome. J Pharmacol 
Sci 107:128–137
 41. Chew GT, Watts GF, Davis TM, Stuckey BG, Beilin LJ, Thomp-
son PL, Burke V, Currie PJ (2008) Hemodynamic effects of fenof-
ibrate and coenzyme Q10 in type 2 diabetic subjects with left 
ventricular diastolic dysfunction. Diabetes Care 31:1502–1509
